Despite effective chemotherapy, schistosomiasis remains the second major public health problem in the developing world, second to malaria. The present study was undertaken to explore the therapeutic effect of the micronutrients (vitamin E and selenium) and chloroform extract of Citharexylum quadrangular leaves and their mixture against the deleterious pathological impacts induced in mice livers by Schistosoma mansoni infection. Parasitological markers showed that oral ingestion of the different supplements to S. mansoni infected mice was effective in reducing the worm burden with concomitant decrease in the egg burden, granuloma count and its diameter as well as total area of infection in their livers versus untreated ones. Parasitological parameters were reflected by the improvement of the histopathological pictures of livers of infected-treated mice. The current investigation also showed that the used agents and their mixture successfully modulated liver fibrosis of infected mice which was documented by a marked decrease of liver hydroxyproline level ( as biomarker of liver fibrosis) as well as the serum levels of inflammatory fibrogenic mediators namely, fructosamine, tumor necrosis factor alpha (TNFα) and total immunoglobin E (IgE). In addition, the used agents showed ameliorative action on the elevated liver oxidative stress-nitric oxide (NO) and malondialdehyde (MDA) and the decreased antioxidant biomarkers, reduced glutathione (GSH), glutathione reductase (GR), thioredoxin reductase (TrxR) and catalase (CAT) which may have a role in liver damage and fibrosis due to S mansoni infection. In conclusion, treatment with the used micronutrients and plant extract either alone or in combination attenuated the deleterious impacts of S. mansoni infection on mice livers. The combination of all supplements was more effective as it greatly modified the inflammatory mediators and oxidative stress responsible for schistosomal liver fibrosis.
INTRODUCTION
Schistosomiasis is a chronic parasitic disease caused by blood flukes (trematode) of the genus Schistosoma. Schistosomiais is prevalent in tropical and sub-tropical areas, especially in poor communities without access to safe drinking water and adequate sanitation. It is estimated that at least 90% of those requiring treatment for schistosomiasis (230 million people) live in Africa (WHO, 2012) .
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Among the five different schistosome species, Schistosoma mansoni is the most abundant one in Egypt (Helmy et al., 2009 ). Pathology associated with S. mansoni results primarily from the accumulation of parasite eggs giving rise to hepatomegaly that may be superseded by extensive liver fibrosis (Gryseels et al., 2006) . Schistosomiasis causes a reduction in the levels of protective endogenous antioxidants and increases generation of free radicals (El-Shenawy et al., 2008 ) that leads to a state of oxidative stress .
Chemotherapy is one of the most effective methods for controlling this disease (Amer and Kamel, 2002) . Praziquantel is virtually the only drug available and advocated by the World Health Organization (Doenhoff et al., 2009 ). The extensive use and reliance on one single drug have raised concerns about the emergence of resistance (Botros and Bennett, 2007; Caffrey, 2007) . Therefore, there is growing consensus that novel antischistosomal drugs should be discovered and developed (Keiser, 2010) .
Because of the great need to develop new antischistosomal agents, trials were designed to test the potency of traditional medicinal plants for treating schistosomiasis. Some medically important plant species rather show an effect against schistosomiasis (Allam, 2009; Kamel et al., 2011) . Citharexylum quadrangular Jacq (Verbenaceae) is a tree-type ornamental plant widely distributed in many gardens in Egypt. C. quadrangular is used in traditional medicine as diuretic, antipyretic and for treatment of liver disorders (Wegner and Wolff, 1977) . The biological screening of 70% aqueous ethanolic extract revealed a significant antiulcer, antihypertensive and a hepato-proactive effect (Khalifa et al., 2002) . El-Naggar (2007) studied in vitro the antischistosomal effect of different extracts of C. quadrangular and observed that the chloroform extract and the isolated compounds exhibited potent schistosomicidal, cercaricidal and miracidicidal activities. In addition, it exerts potent action on worms biochemical parameters making it a promising antibilharzial drug.
Recently, interest has grown in the role of natural antioxidants used as a strategy to prevent oxidative damage in the pathophysiology of various health disorders (Khan et al., 2010) . Among antioxidants, selenium (Se) and vitamin E (Vit. E), used as micronutritional supplements, are the essential elements in almost all biological systems. Studies showed the benefits of supplementation of Vit. E and Se, on host defense against gastrointestinal nematode infection (Au Yeung et al., 2005) .
The present study was therefore undertaken to investigate the therapeutic effect of Vit. E, Se and chloroform extract of C. quadrangular leaves each alone and their combination against the deleterious pathological impacts induced in mice livers by S. mansoni infection.
MATERIALS AND METHODS

Chemicals
All chemicals used were of high analytical grade, products of, Fluka, Sigma and Aldrich Co. (St. Louis, MO, USA).
Plant collection
Leaves of C. quadrangular Jacq (family: Verbenaceae) were collected (April, 2010) from the Zoo, Giza, Egypt. It was identified by Mr. Mahmoud Yosery, general manager and head specialists of plant taxonomy, Giza Zoo, Egypt.
Plant extraction
The lyophilized dried powdered leaves were extracted exhaustively in a Soxhlet apparatus using the following successive solvents with increasing polarities: Petroleum ether (40 to 60°C) followed by chloroform. After complete extraction, the chloroform solvent was evaporated to dryness under vacuum at 40°C yielding semisolid free chloroform extract residue.
Animals
Swiss albino female mice CDI strain (18 to 22 g) were selected and maintained throughout the experiment in the Schistosome Biological Materials Supply Program, Theodor Bilharz Research Institute (SBSP/TBRI), Giza, Eygpt. Mice were kept in a controlled environment of air and temperature with access to water and diet ad libitum. This study was conducted in accordance with legal ethical guidelines of the Medical Ethical Committee of the National Research Center, Dokki, Egypt (approval no. 09210).
Safety study of plant extract
Thirty six mice were divided into 6 groups (6 mice each) for determination of chloroform extract of C. quadrangular leaves safety. Six doses (500 to 5000 mg/Kg) were suspended in corn oil and orally administrated to mice. A concurrent control group of untreated mice was used. Twenty four hours post oral administration, the mice in different groups were observed for mortality (Kumar, 2012) .
Parasites and Infection
Cercariae of S. mansoni Egyptian strain were obtained from SBSP/TBRI and used for infection immediately after shedding from Biomphalaria alexandrina snails. Infection was carried out with 75 ± 5 S. mansoni cercariae/ mouse by subcutaneous injection (Holland et al., 1974) .
Experimental design
Sixty normal female mice were divided into 6 equal groups as follow:
G1 normal healthy animals, G2 S. mansoni infected mice, Groups 3 to 6: S. mansoni infected mice treated with Vit. E, Se and plant extract each alone or in combination.
All the studied agents were suspended in corn oil and given orally to the infected groups six weeks post infection using the following doses, Vit. E : 100 mg/Kg B.wt/day for two weeks (El-Demerdash, 2004) , Se: 200 µg/Kg B.wt/day for two weeks (El-Demerdash, 2004) , plant extract 500 mg/Kg B.wt /day for two weeks. The combination of all supplements was given to infected mice using the same above dose for each one. Normal healthy and S. mansoni infected mice were orally treated with corn oil daily for two weeks. At the end of the experiment (8 weeks after infection), animals in each group were anesthetized with ether and blood was collected for serum separation. Serum was separated by centrifugation at 3000 × g for 10 min at 4°C and used for biochemical serum analysis. After liver perfusion, the livers from different animal groups were immediately removed weighed and washed using chilled saline solution. The livers were minced and homogenized in either 10% trichloroacetic acid (for NO and MDA determination) or in ice cold bi-distilled water to yield 10% homogenates using a glass homogenizer. The homogenates were centrifuged for 15 min at 10000 × g at 4°C and the supernatants were used for the biochemical tissue analysis.
Liver perfusion
Worms were recovered from the hepatic portal system by perfusion technique (Smithers and Terry, 1965) . The worms from each mouse were left to sediment for about 20 min in a small Petri dish and counted under light microscope. The degree of protection or the percentage of reduction after challenge was calculated as follows: P = C -V/C × 100, where P is the percentage protection, C is the mean number of the parasites recovered from untreated infected mice and V is the mean number of the parasites recovered from treated infected mice.
Tissue egg burden
The number of eggs/g tissue (liver and intestine) was assessed following digestion with 4% KOH (Kamel et al., 1977) .
Histopathology and granuloma measurements
Representative slices from liver tissue were taken from the animals of different groups and fixed in buffer formalin (10%). Paraffin embedded sections (4 μm thick) were taken after fixation and slides were stained using haematoxlin and eosin (H and E) by the method of Hirsch et al. (1997) . Counting of granulomas was carried out according to Mahmoud and Warren (1974) .
Serum biochemical analyses
Fructosamine (FA) (Burtis and Ashwood, 1996) , ALT (Bergmeyer et al. 1986 ).), γ -GT (Persijn and van der Slik ,1976) and Albumin (Doumas et al. 1971) were estimated in different experimental groups. TNFα and total IgE were determined using commercial ELISA kits in accordance with the manufacturer's instructions.
Tissue biochemical analyses
The hepatic hydroxyproline content (Jamall et al., 1981) , NO (Moshage et al., 1995) and MDA (Ruiz-Larrea et al., 1994) were measured in livers of different experimental groups. The levels of antioxidant markers: GSH (Moron et al., 1979) , GR (Erden and Bor, 1984) , TrxR (Holmgren and Björsnstedt, 1995) and CAT (Lubinsky and Bewley, 1979) were estimated in the liver tissue homogenate of the tested and control groups
Statistical analysis
The results were presented as mean ± standard deviation (S.D.) of 10 mice in each group. Results were analyzed statistically by one way analysis of variance (ANOVA) using statistical package for the social sciences, (SPSS) version 9 software followed by post-hoc test at least significance difference between groups at p < 0.05.
RESULTS
Oral safety study
No mortality or clinical signs of toxicity were observed on administration of chloroform extract of C. quadrangular leaves to normal healthy mice on using doses up to 5000mg/Kg body weight after 24 hours of plant extract ingestion.
Effect of different supplements on parasitological parameters
Treatment of S. mansoni infected mice with Vit. E, Se, plant extract and their combination caused significant decreases in worm burden (53.26, 54.89, 59 .78 and 60.32%, respectively) and total ova count (49.95, 51.67, 55.2 and 57.12%, respectively) compared to infected untreated mice (Figure 1 ). The number of granuloma significantly decreased by 22.52, 7.19, 37.85 and 28.49%, respectively while its diameters decreased by 11.29, 8.18, 15 .1 and 17.98%, respectively (Table 1) versus infected untreated mice. The decrease in numbers and diameters of granuloma were coupled with a reduction in total area of infection compared with infected mice (31.63, 15.11, 47.33 
Effect of different supplements on liver biochemical parameters
The results revealed that infection with S. mansoni led to elevation of liver hydroxyproline over normal control animals (Figure 3a) . Administration of Vit. E, Se, plant extract or their combination markedly reduced the level of this biomarker by 30.6, 29.62, 41.17 and 40.23%, respectively, from that of mice in the infected untreated group. Infection with S. mansoni recorded a marked decrease in the levels of hepatic enzymatic antioxidants; GR, TrxR, CAT (P ≤ 0.0001) compared to control groups. The decrease in GR was associated with a decrease in hepatic non-enzymatic antioxidant, GSH (Table 2) . Treatment with the current agents either alone or in combination, markedly increased the antioxidant levels ≤ as compared to infected animals. Regarding NO and MDA, S. mansoni infection induced elevation in their levels as compared with normal mice (Figure 3 c, P 0.0001). Ingestion of Vit. E, Se, plant extract or their combination, successfully ameliorated the changes that occurred in these markers in relation to infected animals.
Effect of different supplements on serum biochemical parameters
The present data showed that infection with S. mansoni induced significant elevation in the levels of serum ALT, GGT, fructosamine, TNF-α and total IgE coupled with a reduction in albumin level as compared to normal mice (Table 3 and Figure 3 b ). Oral administration of Vit. E, Se, plant extract and their combination to S. mansoni infected mice significantly modulated the alteration in the above mentioned biomarkers in comparison to infected mice control group.
DISCUSSION
The emerging evidence for praziquantel tolerance and resistance has prompted the search for novel drugs or combinations of drugs for the treatment of schistosomiasis (Caffrey, 2007) . The present study was therefore undertaken to investigate the therapeutic effect of vitamin E, Se, chloroform extract of C. quadrangular or their combination on S. mansoni infectivity and its complications in mice.
The results of the present study demonstrated that oral ingestion of Vit. E, Se, plant extract or their combination to infected mice was effective in reducing worm burden and egg count when compared with infected untreated mice, indicating their effective antischistosomal action. Some authors demonstrated that the death of the worms due to the treatment with antischistosomal drugs was attributed to metabolic disorders, mechanical destruction and muscular contraction of treated worms (Doenhoff et al., 2002; Ibrahim et al., 2010) . The antischistosomal effect of either Vitamin E or Se is in accordance with Farrag et al. (2002 Farrag et al. ( , 2005 who attributed this effect to the antioxidant characteristics of the tested elements. Antioxidant supplementations are thought to enhance theimmunity of the host to attack the parasite and thereby reduce infectious morbidity and protect the mice from pathogens to a certain level (Farrag et al., 2005) . Also, Ali (2007) proved the importance of antioxidants in the treatment of schistosomal infection and reduction of worm load as well as ova count. The possible mechanism which may explain the antischistosomal effect of C. quadrangular extract is that it contains active constituents (triterpenes and falvonoidal aglycons) which may have a direct effect on the vitality of schistosome's different stages as well as the fecundity of 10450 ± 551**** 8186 ± 623 **** 5.27± 1.11 **** 190.58 ± 6.12 **** Data are expressed as mean ± SD of 10 mice in each group. LPF: Low power field of the microscope (× 100). **** P ≤ 0.0001, *** P ≤ 0.001, ** P ≤ 0.01, # non significant when compared with infected group. a P ≤ 0.0001 compared with control group, ****P ≤ 0.0001, **P ≤ 0.01compared with infected group. the remaining female adult worms (El-Naggar, 2007) . Some authors also documented that the plant extract strongly influence some antioxidant biomarkers (glutathione and glutathione reductase) of adult worms which have an important role in the protection of the parasite against host attack (El-Naggar, 2007; Mohamed et al., 2008) . On the other hand, El-Naggar (2007) also proved that extract induce suppressing effect on cholinesterase of adult worm which may lead to its paralysis.
One of the major pathological features of S. mansoni parasites is their ability to persist and establish a chronic infection. This leads to chronic inflammation, which in turn can lead to severe fibrotic modification of infected tissues and organs (Meneghin and Hogaboam, 2007) . Previous studies revealed that the intensity of schistosomal infection which represented by the worm burden and egg count increase the degree of liver fibrosis and granulomatous reaction (El-Lakkany et al., 2004) . This is in agreement with the present histopathological findings of S. mamsoni infected liver which revealed increased number and diameter of granuloma, total area of infection and extensive fibrous tissue accumulation. fructosamine is mainly referred to glycated albumin Treatment of infected mice with the current used (Lapolla et al., 2005) . Fructosamine has been recognized micronutrients or plant extract either alone or in as a major cause of tissue fibrosis, as it has a main role combination improved the histopathological picture of in increasing the expression of ECMPs and activating of liver. This was ensured by significant diminution in protein kinase C which has a central role in tissue fibrosis number and diameters of granulomas, reduction in their (Hattori et al., 2001 ). fibrotic content accompanied with a reduction in total area Depending on the above information and from the of infection as compared with infected mice. present study, it can be suggested that increased serum The current investigation revealed that liver fibrosis in fructosamine, may be used as a useful marker for liver response to S. mansoni parasitic infection was docufibrosis. mented by a marked increase in hepatic hydroxyproline.
The over production of hepatic NO in response to Hydroxyproline, is an amino acid characteristic of parasitic infection may be considered as one of the risk collagen metabolism and used as a marker to express factors to induce oxidative stress and inflect tissue injury the extent of liver fibrosis (Souza et al., 2005) . Similar (Harrison, 2002) . Excessive NO production was reported result was obtained by some authors who emphasized to exert various influences on the pathogenesis of tissues that elevated liver hydroxyproline content was associated (Mohamed et al., 2001 ). The direct toxicity of NO is with S. mansoni infection (Mohamed et al., 2008; enhanced by reacting with superoxide radical to give Lakkany et al., 2012) . This may be attributed to that S.
powerful secondary toxic oxidizing species, such as mansoni egg granulomas contain factors responsible for peroxynitrite (ONOŌ) which is capable of oxidizing the elevation of free L-hydroxyproline content in the cellular structure and causes lipid peroxidation fibrotic liver (Potter et al., 2003) . In addition, previous (Eboumbou et al., 2005) , a process leads to membrane studies reported that reactive oxygen species (Galli et al., damage and correlates positively with tissue fibrosis 2005) and products of lipid peroxidation (George et al., through inducing fibrogenic cytokines and increasing 2003) are regarded as triggers that activate hepatic collagen synthesis (Parola and Robino, 2001) . stellate cells, which is the key pathogenic event in liver Besides, it was reported that TNF-α essentially fibrosis (Gutierrez-Ruiz and Gomez-Quiroz, 2007) .
functions as a trophic factor for maintaining adult schistoAdministration of different supplementations either some viability, it is expressed during egg deposition and alone or in combination markedly down-regulate the has a crucial role in the modulation of granulomatous hepatic hydroxyproline level of infected mice versus reaction induced by the eggs (Haseeb et al., 2001 ). infected untreated mice. Plant extract and the Torben and Hailu (2007) stated that increased level of combination of all supplementations were the most this inflammatory cytokine after egg excretion may be effective ones revealing their antifibrotic effect. The related to the complications of schistosomiasis. It is antifibrotic effect of the used plant extract could be capable of inducing tissue injury and fibrosis by inducing attributed to its active compounds, triterpenes and reactive oxygen species (ROS) production, lipid peroxiflavonoidal aglycons (El-Naggar, 2007) . Flavonoids and dation (Poli, 2000) , collagen synthesis, other fibrogenic triterpenes exhibited hepato-protective activity, antirisk factors (Booth et al., 2004a) and inhibiting matrix inflammatory and inhibitory effect on liver fibrosis (Wang metalloproteinases production, the key enzyme in the et al., 2011). degradation of collagens (Pender et al., 1998) . Over Previous investigations revealed that non-immunologic production of TNF-α was found to be associated with high and immunologic mechanisms play a central role in liver risk of periportal fibrosis and ascites accumulation (Booth fibrosis ( Mohamed et al., 2008) . In line with these et al., 2004b). investigations, the present study showed that S. mansoni Increasing serum level of total IgE in infected mice was parasitic infection induced the production of inflammatory observed in the present study. This is supported by fibrogenic mediators which ensured by the increase in previous studies who stated that increased circulating IgE serum fructosamine, and TNF-α levels coupled with level is a humoral response to egg and adult worm increase in hepatic NO and MDA (index of lipid antigens, suggesting that this mechanism might be peroxidation) levels.
involved in hepatic pathological patterns (Silva et al., Some publications described in vitro the direct role of 2004). IgE was reported to have the major role in mast glucose and its abnormal metabolism in the development cells stimulation which has a central role in the induction of tissue fibrosis (Huang et al., 1999) . Serum of chronic inflammation (Jayapal et al., 2006) and the fructosamine (abnormal glucose metabolism marker), is a progression of hepatic fibrosis by producing fibrogenic glycated protein resulting from spontaneous noneninflammatory mediators as well as the components of the zymatic condensation of glucose and proteins such as ECMPs (Gruber 2003; Shen, 2008) . plasma protein (Huang et al., 1999; Misciagna et al., Accordingly, modulating of the inflammatory risk factors 2004). As albumin is the most abundant protein in serum and reducing oxidative stress may be considered as and contains multiple lysine residues, measurement of targets for pharmacological or molecular interventions for the treatment of liver fibrosis in murine schistosomiasis (Lucey et al., 1996) . In the present study, ingestion of Vitamin E, Se, plant extract either alone or in combination to infected mice markedly attenuated the elevation of the inflammatory risk factors; fructosamine, NO, MDA, TNF-α and total IgE. The plant extract as well as the combination of the micronutrients recorded the most potent effect. These observations may give an indication of the anti-glycating, antioxidant, anti-inflammatory and immunomodulating beneficial effects of the used agents. The antioxidant and anti-inflammatory effects of the Vitamin E and Se are supported by the previous studies ( Sodhi et al., 2008 , Vunta et al., 2008 . Also the flavonoid constituent of the used plant extract may be responsible for its modulating effect on inflammatory markers. This is supported by the previous studies of Jayapal et al. (2006) and Tuna et al. (2006) who revealed that flavonoids have long been considered to possess anti-inflammatory and immunomodulatory actions.
Parasitic infection induces oxidative stress in liver due to production of ROS and reduces the antioxidant mechanisms . In line with some studies, the result of the present work indicated that infection of mice with S. mansoni revealed obvious decrease in the non enzymatic antioxidant; GSH, as well as the enzymatic antioxidants including, GR, TrRx, and CAT EL-Sokkary et al., 2002) . Treatment with the current micronutrients either alone or in combination, showed an improvement in the antioxidant biomarkers ensuring the antioxidant ability of these agents Mezey et al., 2011) The present work showed that the inflammatory reactions and tissue damage induced in livers of S. mansoni infected mice are ensured by marked increase in serum GGT and ALT levels and a decrease in albumin level ( Mohamed et al., 2008; Morais et al., 2010) . The increment of such enzymes in serum may be due to the destruction of hepatocytes by the action of toxins of the parasite eggs leading to their release into the circulation (Cheever and Anderson, 1971) . The decrease in serum albumin may be due to its glycation by glucose forming fructosamine together with reduction in its synthesis by damaged liver . This is emphasized in the current data by the elevated serum fructosamine level (Mahmoud et al 2002; Mohamed et al., 2008) . Hypoalbuminemia is one of the factors responsible for the onset of ascites related to liver fibrosis (Horie et al., 1998) .
Supplementation of micronutrients and plant extract either alone or in combination, effectively ameliorated the above serum marker of infected mice. This positive response may be attributed to their ability to protect and stabilize cellular membranes permeability and integrity. This protective action of the used micronutrients is supported by the previous investigations of Khalifa et al. (2002) and Soudani et al. (2011) .
In conclusion,the micronutrients Vit. E and Se as well as C. quadrangular extract have multi-functions in atenuating the deleterious impacts of S. mansoni infection in mice livers. Their effects are mediated through reduction of ova count, worm burden, granuloma diameter and amelioration of inflammatory mediators, antioxidant defense systems, and liver function biomarkers.
